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INlROmmION 

The check intake structure discussed i n  t h i s  report is' a 
replacement .for the existing.control structure located,at  Station 
1369+30 on the Potholes East C a n e l  app raxh t e ly  10 miles .southeast of 
Oth6ll0, Washington, Figure 1. The intake:structure w i l l  serve as  a 
check t o  maintain the  wster.surface elevation i n  the canal and t o  
control the flow entering Scooteney Reservoir. The. structure is d e s i m d  
t o  pass a maximum d3scharge of 3,900 second-feet which is controlled by 
three 20- by 5-foot radia l  gates, Figure 2.. After passing under 'the 
gates, the flow enters a short s t i l l i ng  basin, then passes over a sill  2 
fee t  4 inches high, and flows down a baffled .chute on a 2:l slope. The 
baffle piers on the 2 :1 chute are  desigqed tao impede the f l o w  and main- 
t a i n  a near-constant velocity re-dless of the length of chute. 

Ttae model studies were unde&en t o  determine the adequacy of 
-the s t i l l i ng  basin and the effectiveness of the baffle piers  in slaving 
the flow on the 2: l  chute. 

m Mom 

A 1:16 scale model ?was used i n  the study. The model included 
a 171-foot length of the Potholes East Canal,between Stations 1367+69 
and 1369+40, the gate structure .and s t i l l i ng  basin, t h e  2:l baffled 
apron, and approximately 80 fee t  of the ou t l e t ,  channel leading t o  
Scooteney Reservoir. To W e  the  ,model gates ..and piers  a s  large as  
possible and s t i l l  use an existing canal section which was available i n  
the laboratory, only one-half of the structure was bu i l t  ,and tested. 
Also, .to simplify the model c o n s ~ c t i o n ,  "sl ide ,gates were used t o  
control the flow i n  the model. Radial gates are used i n  the prototype. 
Mowever, since ,the study ,was concerned .primarily .with the s t i l l i ng  basin 
performance and the effectiveness of the baffled chute, -it is believed 
tha t  the s l ide  gates were sufficiently accurate for t h i s  type of study. 
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For the erosion studies, the !channel downstream fram the 
baffled chute was mohdled in  sand having a ZIR& didsmeter of appraximetely 
1 rmnc Water supplied t o  the model was measured thrargh venturi meters. 

TBF: mmGATIoN 

General 

The investigation was concerned primarily with the adequacy 
ai the stilling basin upstrosm Frau the s i l l  and the effectiveness of 
the baffled chute in preventiYrg acceleration of the flow down the chute. 
The relative efficiency of the various s t iUlng  b a s h  designs was 
Judged primrrily by the appearance of.She flow downstream Fran the *tee 
and, t o  sane extent, by the distribution uf flow at the sill. Hatever, 
the velocity distribution of the flow -hviDg the basin was of minor 
importance since the f l a w  pattern was inmediately r-d by .the 
baffles on the chute. !l!he effectivenee8 of the baffled chute was deter- 
mined by the jammt .of scour in the downstream channel and by the 
appearance of the f l aw  on the chute. To determine the amount of scour 
for each design, t h e  outlet ,channel was molded in sand t o  elevation 914 
feet,  and the model was operated for 30+minutes, after which the erosion 
in the chenuel bed was measured and made visible with contour lines of 
white string. The model,was uperated at al l  discharges-with the normal 
canal depth of 15.3 feet  upstream from the gates. 

I n  the Poll- discussion, the designs of the structure are 
& e i v % e d  by numerals and le t ters .  T b  numeral indicates the particu- 
lar basin,design, while the l e t t e r  refers t o  the baffle mrangement on 
the chute. Thus, Iksiign 1.A was Basin Design 1, Figure 3, tested with 
Chute Design A, Ffgure 4. 

Desi~pn U (v re l ldna ry~  

!RE preliminary design of the check intake structure is sham 
i n  Figures 2 and. 5A. Figure 5B shws the structure diecharging 3,900 
second-feet. It can be seen tkt the flaw was deflected upward af'ter 
striking the b e i n  baffle piers, causing relatively high boils and a 
rough water surface as the water entered the baffled chute. There was 
very l i t t l e  s t i l l i ng  action between the basin piere and the sill st the 
top of the chute, and, when the basin piers were remwed, the f l o w  swept 
through the basin and wer  the s i l l  without forming a hydraulic Jump. 

Flow . d m  the baffled chute was satisfactory when the ,basin 
piers were installed. Tbe upper two rows of baffle piers were submerged 
in , a  solid mersa ofwater. Dovnstrsern Fram the second raw of piers-the 
solid mss of water began t o  dlsintegrste as indicated by the "whiten 
water in  Figure 5B. 



minimum and maxim& tail-water elevations of 915 and 925 fee t  a re  
s h m  in 'Figure 5C and'D. A t  minimum tail water, the channel eroded t o  
elevation 904 fee t  at the  base  of the +chute, Figure 5C. The lowest row 
of piers on the chute was exposed,-indicating the need for a longer 
chute and another row of baff les-a t  t h e  lower end of the chute. A t  
nrurinntm tail water, Figure 5D, the lowest point i n  the erosion pattern 
was 907 fee t ,  located near the +right training wall ' .  Since the lowest 
row of piers was nearly covered with sand, the 'length of chute and the 
rows of piers are  aerple f o r ' t h i s  aperating condition. 

Preliminmy t e s t s  on the structure clearly indicated that the 
s t i l l i n g  basin of Deeign 1 A  was too,short.  To t e s t  the~s t ruc tu re  under 
ideal conditions, the basin piers, gates, and curtain w a l l  were remwed 
from the model. Tbm, the f l o w  approaching the ,baffled chute was sub- 
c r i t i c a l ,  representing an inf in i te ly  long stilling basin. Flgure 6A 
shows the baffled chute operating with these ,ideal approach ccmditions. 
The flow entering thk chute was smooth, but the f l o w  down the l m e r  
reaches of the chute was similar t o  that of^Design 1.A. The erosion . 
pattern was appra&n!%tely 2 feet  higher than the preliminrrry design; 
elevation 906 feet at  the base of the chute. 

The abwe t e s t s  were Plade with the baffle piers  i n  rows spaced 
a t  intervals of 9 feet.  To determine the effect  of placing the piers  
closer together, the rows of piers were Anstalled at  intervals of 6 feet ,  
Figure 4 ~ .  There was no apparent change i n  the appearance of the flow 
down the chute fo r  the mnxbmm discharge af 3,900 second-feet, Figure 6 ~ .  
However, the erosion depth at the base of the chute was approximately 
2 fee t  lower, indicatingPthat 9-foot spacing between raws s v e  l e ss  
scour than 6-foot spacing. Therefore, in  all subsequent tes ts ,  ,the 
rows were spaced 9 fee t  apart, and since the lowest row of piers  was 
exposed i n  a l l  tb.e erosion t e s t s  st  mini^^^^ tail water, .mother .row of 
piers was added at  the base of the 2:1 chute, Figure 4 ~ .  

Desian 2A 

In  an attellapt t o  reduce the height of boi l  .and .rough water 
surface a t  the basin baffle piers,  Figure 5B;a row of s u e r  piers 
was placed 4 feet  upstream frm the 3-foot piers, =gure 3B. The s-er 
piers helped mte r i a l l y  in reducing the boi l  heights. However, the 
jump swept out at  the ~~1 canal depth of 15.3 fee t  and adischarge 
of 3,900 second-feet. To prevent the jet fram sweeping through the 
basin, a row of baffle piers 4 fee t  6, inches high was placed on the 
sil l ,  Figure 4 ~ .  This change sufficiently increased the depth i n  the 
basin t o  msintain a hydraulic jump; however, the steep water syrfbce 
between the m s i n  piers and the sill was s t i l l  evident. 

3 



Frum the above tests ,  it appeared l i t t l e  could be done t o  
improve the s t i l l ing  basin performance without increasing the basin 
length. Based an data contained in  Hyd-39 for a !type I11 basin, a 
basin length of approximately 24 feet  is indicated. Since in  this 
modified 'Sype 111 basin no s t i l l ing  sctiun takes.place unt i l  the f l a w  
strikes the basin bsfflelpiers, the stilling baain length s h d d  be 
nxssured between the basin piers and the sill  rather than between the 
gate seat and the sill. 'Pherefore, the .structure was lengthened 10 
feet  i n  Basins 3 through 7, Fkgure 3. 

longer structure, Design 3A, was operated with and with- 
at the basin piers and with a row of baffle piers placed on the sill. 
In  general, .these tes ts  showed that the basin piers were neceseary t o  
break up snd distribute the high-velocity f l w .  Although large boils 
still formed abwe the basin piers, the height of boil could be 
reduced by using s l~al ler  piers, Figure 7A and B. The baffle piers on 
the sill increasedthe cmr)ugate depth, +, and vastly improved the 
basin perfcmmnce both with and withaut the basin piers installed. Bow- 
ever, the bast s t i l l ing  action took puce  when piers were installed both 
in  the basin and cm the sill. 

A series of tes ts  were couhcted t o  &?termkine the optinarm 
height of piers in the s t i l l ing  basin. &sts on.piers'22, 18, 15, and 
32 inches high ~hoved~tha t  the height of boilbscar~e less  as  the pier 
height was reduced. With the 12-inch piers installed, the boils farmed 
only when the p t e s  were nearly closed and the discharge was less than 
appraxinrrtely 1,500 second-feet. A t  these l o w  discharges the boils were 
comparatively small and unobjectionable. For the intermediate pier 
heights, thesboils  increased in  height and were prevalent over a 
larger range of discharges. Therefore, 12 inches appeared t o  be tbe 
aptinnrm height for the piers. 

Baffle piers with a curved upstream face an& fram 3 t o  8 feet  
i n  height were tested in  the basin i n  Designs 5C, 6C, and 7C, Figure 3. 
These tes ts  shared that, t o  be effective, the piers should be a t  leas t  
6 feet  i n  height. With piers less  than 6 feet  high, boils farmed aver 
the piers, causing a rough and uneven water surface i n  the s t i l l i ng  basin. 
The best s t i l l i ng  basln uperation was obtained with curved-face piers 
8 feet  i n  height which gave a cgarparatively level water surFace between 
the S t e s  and the dumstresm end of the sti l l ing basin, figure 7C. How- 
ever, *he differential head across the S t e s  uas reduced t o  the extent 

+Progress Rejort I1 Research Study on St i l l ing Basins, Energy 
Di~sipators and Associated Appurtenances. 
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A.  The 1:16 scale model B. Discharge = 3,900 cfs 

C. Minimum Tailwater = 915 feet D. Maximum Tailwater = 925 feet 
Erosipn after discharge of 3. 900 cfs  .for 30 minutes 

POTHOLES EAST CANAL 
Check Intake Structure . 

Preliminary Design . 
1:16 Scale Model '. 



B: Design 1B. Rows of piers on chute spaced 6' 0" apart. 
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- .. 
POTHOLES EAST CANAL 

Check Intake Structure , 

With Gates, Curtain Wall, and Basin Piers Removed 
Q = 3.900 cfs 
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B. Design 3C with basin t A .  Design 3C. Note boils 1 
above basin piers piers renioved I 

C. Design 6C. Capacity offgates 
considerably reduced 

POTHOLES EAST CANAL 
Check Intake Structure 

Operation of Designs 3C and 6.C 
Discharge 3,900 c f s  

1: 16 Scale Model 



j C. No wing wall at end o f .  
training wall 

Scour after discharging 3,,900 cfs  

POTHOLES Ed 
Check 'Intake 

Operation of Recon 
1: 16 Scale 
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Basin width flared from 64 feet at 
downstream end of gate piers to 
78 feet at sill. Discharge 50 cfs  
per unit width. 
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POTHOLES EAST CANAL 
Check Intake Structure 

Operation of ,Flared Basin 
1:16 Scale Model 





Chief, Canals Rranch January 18, 1956 

Chief, Hydraulic Laboratory Branch 

Results of t e s t s  t o  determine the merits of constructing baffle 
piers with the upstream face vert ical  and nannal t o  the slaping 
f loor of a baffled chute 

A t  the request of Messre. Terrell  and Curtis, a series  
of tests were canducted i n  the Bydraulic Laboratmy t o  determine 
the relat ive hydraulic merits of constructing piers on baffled 
chute with the upstream pier face (1) vert ical  and (2) normal 
t o  the slope* 

The tests were conducted i n  the" 1:16 model of the check 
intake structure of Potholes East Canal. The model represented a 
200-foot length of approsch channel, chute an a 2:l slope, and 
an outlet channel f i l l e d  with sand for erosion studies. A vert ical  
step 2 fee t  4 inches high was placed a t  t h e  upstream end, of the 2:l 
slope. For the purpose of these t e s t s  piers 3 fee t  high and spaced 
4 feet 6 inches apart were placed on the 2:l chute,. netai ls  of the 
piers  a r e  shown in Figure 1. The model was operated a t  a discharge 
equivalent t o  35 second-feet per foot of channel width. The 
control gates .were remwed fran the structure < t o  provide ideal 
entrance conditions t o  the sloping.apron. 

Two c r i t e r i a  were used t o  determine the effectiveness 
of each s e t  of baffle piers: (1) Height of splash. One side wall 
was painted with water-soluble paint which appeared darker when 
wetted by the splash fran the piers. (2) Amount of erosion. 
Scour patterns i n  the outlet channel were obtained fo r  each s e t  
of piers a f t e r  the model had operated fo r  one-half hour. 

Figure 2 shows the resul ts  using the two se ts  of.baffle 
piers. The photographs an the r ight  side of Figure 2 indicate 
the test set-up and the resul ts  with tbe upstream face of the 
baffles placed norolal t o  the 2:l slope while the photographs m 
the l e f t  were obtained with the pier  face vert ical ,  Figure 1. 
By noting the height of the water mrks. along the painted wall 
i n  Flgure 2C, it cen be seen tha t  the splash extended t o  appraxi- 
rmately elevation 740 fee t  with the pier  faces placed norm1 t o  the 
slope. When the vertical-faced piers  were installed, the splash 
extended t o  elevation 735 feet .  Thus, the height of splash was 
about 5 fee t  lower with the vertical-faced piers.  N o  attempt was 
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top ,of a training wall of normal height. Hawever, it can be 
assumed that the amount of water passing over a given training wall 
would be proportional t o  the height of splash. 

Figure 2D shows the scour pattern obtained with the two 
pier  shapes. With the normal-faced piers instal led the'eroded 
bed was sl ightly higher i n  the vicini ty of the  r ight  training wall 
than when vertical-faced piers were used, as indicated by the 
position of the 909-foot contour. However, f o r  practical purposes, 
there is  no dtfference i n  the two scour patterns. It should be 
noted t h a t  ,the scour pocket (elevation 906) along the l e f t  training 
w a l l  was a result  of the w a l l  of s-try and wou ld  not occur if the 
ent ire  width of 'structure had been cmstructed. 

The above t e s t s  indicate no conclusive.superiority of 
one shape of block aver the other a s  far as  depth of scour is 
concekd .  Although the depth of scow using the normal-faced 
piers was sl ightly l e s s  i n  the vicinity of the r ight  training 
w a l l ,  the difference i n  the two scourpatterns was too small t o  
be conclusive. However, similar t e s t s  were made during the studies 
on the check intake structure, Potholes East C a r ~ ~ l ,  using baffle 
piers 4 fee t  6 inches high and a u n i t  discharge of 61 second-feet. 
Results of these t e s t s  are  shown i n  Figure 3. Although thezautlet 
chsnnel scoured t o  elevation 904 fee t  with each s e t  of piers, more 
material was moved when the vertical-faced piers were installed. 
with the norrml-faced piers, the l a w  area i n  the resulting scour . 
pattern was confined t o  a saall pocket near the end of .the .right '%. 
training w a l l  a s  indicated by the 906-foot contour. The l a w  area 
in  the vicini ty of the r ight  waU..was considerably larger when the 
vertical-faced piers were installed. This same tendency, although 
t o  a slnaller extent, i s  indicated i n  the scour patterns of Figure 2 
for the 3-foot piers.  

From these t e s t s ,  it i s  concluded ttat a baffled chute 
with the upstream face of the piers placed normal t o  the chute slope 
w i l l  give sl ightly l e ss  scour in . the  outlet channel than chute 
equipped with vertical-faced piers. Therefore, the normal-faced 
piers are recanmended for  locations where the scour must be kept 
t o  a minimum and splash over the training walls w i l l  create <no 
unusual problems. However, i n  those locations where splash w i l l  
cause washing-and draimge problems, the vertical-faced piers.are 
recammended t o  keep the amount of splash t o  a minimum. 








